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Abstract

Accidental oil spillages can release millions of barrels of oil into the marine environment threatening 
aquatic wildlife like fisheries. As a part of the oil spill response strategy, several chemical dispersants 
have been recommended that have been successfully used elsewhere. However, the adverse effects of 
dispersed oil are unknown to fish species in Kuwait. Therefore, this study investigated the toxicity of 
water-accommodated fraction (WAF) and chemically enhanced water-accommodated fraction (CEWAF) 
of Kuwait crude oil (KCO) with three dispersants (Corexit® 9500, Corexit® 9527, and Slickgone® NS) 
against the larvae of the sobaity sea bream Sparidentex hasta which is of an international economic 
significance. Total petroleum hydrocarbons (TPH) were used for comparison of chemical compounds 
partitioned in WAF of dispersed and non-dispersed oil. Toxicity test results with fish larvae showed that 
WAF of non-dispersed oil and Corexit® 9527 treated CEWAF had similar LC50 values (0.12 g oil. l-1) 
whereas CEWAF’s of Corexit® 9500 and Slickgone® NS CEWAF showed lower toxicity.
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Introduction

The increasing global demand for energy, led 
to increased exploration and extraction of oil from 
various regions of the world, specifically in the offshore 
environments [1-3]. As crude oil and related petroleum 
products are transported across global regions by ships 
or pipelines, accidental oil spillages can occur, leading 
to devastating environmental crises with a chronic 
toxic effect on marine organisms like fish [4-8]. Oil 
spill accidents like 1989 Exxon Valdez, Arabian Gulf 
oil spill, and 2010 Deepwater Horizon have resulted 
in severe adverse effects on marine organisms. Also, 
major concerns have been raised regarding the chronic 
toxicity of dispersant usage as response agents in future 
oil spills in various marine environments ranging from 
tropical to polar and the multitude of hazards associated 
with it [9-12].     

The Arabian Gulf region has experienced small to 
massive oil spills through natural seepage, war-related 
activities, accidents of tankers, and offshore drilling [13, 
14]. The Regional Organization for the Protection of the 
Marine Environment (ROPME) in the Arabian Gulf 
adopted an oil spill response strategy and recommended 
a list of dispersants to be used in the ROPME Sea Area 
in the case of an oil spill [15-17]. Spilled oil floats on 
the surface due to its low density and forms a thin 
layer that spreads on the water surface [18]. Wave 
action breaks the oil slick into ≥100 µm oil droplets 
that disperse in the water column. Chemical dispersants 
facilitate the dispersion of oil as small oil droplets  
(10-50 µm) by lowering the interfacial tension between 
oil and water. Thereby, its impact is reduced on surface-
dwelling marine organisms’ like fish larvae, marine 
mammals, and sea birds [19, 20]. However, some trade-
offs reflect the complexity of dispersants applications 
as it facilitates the entrance of oil in the water column, 
thus rendering it hazardous to benthic biota [21]. 

There are numerous concerns about the toxic effect 
of dispersed oil on fish, which live in the water column 
[22-27]. The fraction of oil that is partitioned in the 
water phase is termed as water accommodated fraction 
(WAF) and routinely measured as total hydrocarbons 
(THC). In the field experiments during an oil spill, 
the THC concentrations below the oil slick after 
dispersant treatment ranged from 30-50 mg. l-1 which 
eventually decreases after few hours to ˂1-10 mg. l-1 

[20, 28]. The THC fraction is bioavailable to the marine 
organism and its effects have been earlier studied and 
several concerns have been raised on the application  
of chemical dispersants to disperse oil slicks after  
the Deep Water Horizon (DWH) oil spill incident in 
the Gulf of Mexico in 2010 [29-32].  It is imperative to 
highlight that both Corexit® 9500 and 9527 chemical 
dispersants were used in the Deep Water Horizon 
(DWH) oil spill in the Gulf of Mexico in 2010 to 
combat surface and subsurface oil spillages. However, 
the consequences of using large volumes of oil 
dispersants during the DWH are unknown [33] as there 

are indications for Corexit 9527 and 9500 being toxic to 
marine life [34].

The objective of this study is to expand the 
knowledge on the toxicity of dispersed and undispersed 
oil to the larval stage of marine fish species (Sobaity 
Sea bream S. hasta) which is considered of global 
significance to fisheries. The current study has three 
main folds: (1) provide information on the analytical 
method to assess oil toxicity and oil spill combat 
products (Corexit 9500, 9527 and Slickgone) on marine 
fish, (2) provide approximate toxicity data that can 
be used for hazards assessment in marine pollution 
scenarios, and (3) support global toxicity database 
of hazards chemicals to the marine ecosystem. The 
bulk of acute toxicity data generated in the literature 
concerning oil and dispersed oil encompassed two oil 
dispersants of the Corexit formulation. Nevertheless, to 
our knowledge, not much work focused on investigating 
their acute toxic effect in combination with Kuwait 
crude oil (KCO) on Sobaity Sea bream S. hasta. The 
authors aims that the outcomes of this study will 
be helpful to utilize Sobaity Sea bream S. hasta as 
indicator species for oil contamination.

Literature Review

In literature, few studies have investigated the toxic 
effects of dispersed and undispersed Kuwait crude oil 
(KCO) on marine fish. Also, sea bream fish was not the 
subject of much ecotoxicological research that assesses 
the adverse effects of hazardous chemicals threatening 
marine ecosystems. Others like [35] investigated the 
effects of water-soluble fractions of Iraq crude oil on 
larval and post-larval stages of gilthead sea bream 
(Sparus aurata). Also, the effects of water-soluble 
fractions of KCO on growth, bioactivity, and survival of 
larval stages of red sea bream (Pagrus major) and black 
sea bream (Acanthopagrus schlegeli) were examined by 
[36]. Also, it’s been demonstrated that exposure of fish 
like tilapia, African catfish, and carp to water-soluble 
fractions (WSF) of crude oil can affect its hematological 
characteristics [37-40]. And, juvenile African 
sharptooth catfish C. gariepinus exposed to sublethal 
levels of WSF affected its growth performance [39]. 
Moreover, northern wolfish Anarhichas denticulatus 
exposed to mechanically, chemically dispersed oil and 
dispersant for 48 hrs resulted in reducing acetylcholine 
(Ache) activity in its brain as it is an integral nervous 
system function [25, 41]. Juvenile turbot (Scophthalmus 
maximus) exposed to fuel oil and/ or Finasol OSR 52 
chemical dispersant resulted in an additive effect of 
oil contamination coupled with hydrostatic pressure on 
turbot cellular oxygen consumption. This combination 
reduced S. maximus capacity to withstand high 
pressure (10.1 MPa) after being contaminated with 
either test chemicals [42]. Also, exposure to sublethal 
concentrations of oil can exhibit an array of adverse 
effects in the early life stages of marine fish such as 
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larval behavioural impairment, CYPA1 induction but 
not AChE inhibition [4, 43]. 

In the present study, Kuwait crude oil (KCO) 
in different thicknesses was layered over the fixed 
surface area and volume of seawater to prepare WAF. 
Selection of fish early life stages in this study because 
this stage tends to be the most sensitive to crude oil 
exposure and comparisons of toxicity results among test 
species and their life stages [44-47]. Fish in its early 
life stage showed sensitivity to oil-derived polycyclic 
aromatic hydrocarbons (PAHs) which eventually lead to 
significant impacts of a series of ecological effects like 
fish population survival and recruitment [48-51]. The 
selection of early life stages like the embryonic stage 
in haddock fish has concluded that it’s more vulnerable 
to crude oil toxicity than larval stages [52, 53]. As there 
is a lack of knowledge regarding the toxic effects of 
dispersed and undispersed oil specifically to fish species 
indigenous to the Arabian Gulf, careful toxicological 
assessment can help in oil spill response and mitigation. 

This study will provide information on whether the 
application of chemical dispersants to oil will enhance 
its acute toxicity or not and also indicate the amount of 
oil on the surface detrimental to fish larvae survival. 
The data will be useful in deciding by the regulatory 
authorities about the use of dispersant in case the oil 
spill occurs during the breeding season of fish. The 
objective of the study herein is to assess the toxicity 
of dispersed and undispersed KCO and dispersed KCO 
with individual oil dispersants like Corexit® EC 9500A 
and Corexit® EC 9527A Slickgone® NS on larvae of 
marine sobaity sea bream fish Sparidentex hasta.

Material and methods

List of Abbreviations

Several abbreviations have been used in this study 
which are listed in Table 1.

Preparation of WAF and CEWAF

Kuwait Export Crude Oil (API-3.18) was stored in  
2 l-1 amber bottle with no headspace at room temperature 
(26ºC) in a dark place. The technical specifications 
for the oil are: gravity (30.18), density (0.8744 G.ml 
at 15ºC), sulfur content (2.6% weight), viscosity  
(17.38 cSt at 20ºC), total nitrogen (0.15% weight), Reid 
vapor pressure (8.16 Psi), pour point (-25ºC), water 
content (0.004% weight), and Conradson Carbon 
Residue (CCR- 6.2% weight). Chemical dispersants 
investigated were Corexit® EC 9500A and Corexit® 

EC 9527A (Onedo Nalco Ltd. 2005), United Kingdom 
(Local agent Bobyan Shipping & Marine Services), 
and Slickgone® NS (the Dasic United Kingdom, 2007, 
local agent Middle East Chemical Manufacturing Co.). 
Natural seawater was collected and filtered through 
0.45 µm Whatman® sterile membrane filter paper for 

the preparation of water accommodated fraction and 
chemically enhanced water accommodated fraction, 
and the same water was used for further dilutions. WAF 
of KCO was prepared at 1, 10, 20, 40, and 80 g oil. l-1 

seawater in pre standardized conditions, according to 
[54].  

For the preparation of CEWAF, a fixed oil loading 
of 1 g KCO l-1 filtered seawater (2 g KCO/2 l-1 seawater) 
was selected for the preparation of water-accommodated 
fraction (WAF) and a 10:1 (oil: dispersant) ratio where 
0.1 g oil dispersant (0.2 g oil dispersant per 2 l-1 
seawater) was used and layered over the oil slick in a 
2 l glass aspirator bottle filled with 2 l l-1 of seawater 
for the chemically enhanced water-accommodated 
fraction (CEWAF) preparations [44]. The test chemical 
was mixed for 24 hrs then stopped, and the solution 
was left to stand for 3 hrs for a complete phase  
(oil/water) separation. The solutions of WAF/CEWAF 
were drained, collected in amber bottles, and preserved 
in a refrigerator until the experiments take place [55]. 

Chemical Characterization

Analysis of total petroleum hydrocarbons (TPH); 
100 l-1 of WAF/CEWAF sample solution was extracted 
by adding MERCK® dichloromethane (CH2Cl2) in a 
solvent-rinsed 2 separatory funnel with Teflon stopcock 
and stopper. The mixture was shaken vigorously and 
dried over MERCK® grade anhydrous sodium sulfate 
(Na2SO4) and glass wool, which were presoaked and 
rinsed with dichloromethane then the solvent layer 
was collected in a volumetric flask, which was labeled 
and stored for later analysis. The collected extract 
was then analyzed on an RF-5301 PC SHIMADZU® 
Spectrofluorophotometer instrument using 310 nm 
excitation and 360 nm emission wavelengths. A 
standard multipoint calibration curve for TPH analysis 
was prepared using Kuwait crude oil and was reported 
in terms of the KCO equivalents [56].  

 Larval Rearing 

Larval stages of S. hasta were obtained from 
the hatchery of the Aquaculture Program at Kuwait 
Institute for Scientific Research, 24 hrs after hatching 
(Fig. 1). Stocking density in rearing tanks for newly 
hatched larvae was 40 larvae per liter (1 liter was 
used), according to [57]. Rearing tanks were aerated 
with six air stones (5 x 5 x 7 each) and illuminated by 
sunlight and fluorescent light (40W) with 1500 lux light 
intensity at the water surface at noon and 1000 lux at 
night [58]. Water quality parameters for the fish holding 
water were: dissolved oxygen (5-6 mg. l-1), temperature 
(20-28ºC), salinity (40-42 ppt), and pH (8.2-8.6) (Fig. 2).

Fish Exposure System

96 hrs acute toxicity tests were conducted following 
the OCED (Organization of Economic Co-Operation 
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and Development) Guideline for the testing of chemicals 
- Fish Embryo Toxicity (FET) Test [59]. Toxicity test 
was conducted using sobaity sea bream Sparidentex 
hasta larvae which is one of the most significant 
commercial fish in the region, with significant economic 
value and a wide geographic distribution ranging from 
Arabian Gulf to the Oman Sea and the Western Indian 
Ocean [45].

Toxicity tests were conducted using the following 
preparations: Kuwait crude oil (KCO WAF), KCO + 
Corexist® 9500 dispersants (Corexist® 9500 CEWAF), 
KCO + Corexist® 9527 (Corexist® 9527 CEWAF), and 
KCO + Slickgone® dispersant (Slickgone® CEWAF). 
Solutions were prepared by two methods: variable oil 
loading, using a series of decreasing concentration 
of KCO, and by single loading and subsequent serial 

Table 1 List of abbreviations used in this study for chemicals, statistics, measuring units, organizations, and countries.

API American Petroleum Institute

CEWAF Chemically Enhanced Water–Accommodated Fraction

cSt Centistokes

°C Celsius

CCR Conradson Carbon Residue

C.I. Confidence Interval

CROSERF  The Chemical Response to Oil Spill Environmental Research Forum

DWH Deep Water Horizon

EPA Environment Protection Agency 

g Gram

GLM General Linear Model

h Hours

KCO Kuwait Crude Oil

L Liter

LC50 Lethal Concentration affecting 50% of the population

mg/L = mg.l-1 Milligram per liter

Μm Micrometer

MOOPAM  Manual of Oceanographic Observations and Pollutant Analysis Methods

NCP National Contingency Plan 

NRC National Research Council

OCED  Organization of Economic Co-Operation and Development

P Test of significance

PAHs Polycyclic Aromatic Hydrocarbons

ppt   Parts Per Thousand

ROPME Regional Organization for the Protection of the Marine Environment

SE Standard Error

SD Standard Deviation

THC Total Hydrocarbons

TPH Total Petroleum Hydrocarbons

U.S. United States 

W Watt

WSF Water-Soluble Fraction

± The sample mean differs from the population mean
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dilutions of KCO alone, and KCO + three individual 
oil dispersants in seawater according to CROSERF 

protocols [60]. Filtered seawater was used to make 
variable loading of the WAF solution was obtained 
from the same holding tank that fish larvae were reared. 
Seawater was aerated with pure oxygen for 15 min until 
saturation before the bioassay. Five test concentrations 
of KCO WAF and KCO CEWAF plus a non-toxic 
control solution were prepared with an appropriate 
geometric dilution series selected in which each 
successive concentration is about 50% of the previous 
one such as 100%, 50%, 25%, 12.5%, and 6.25%. 
Static toxicity (non-renewal) test was conducted for 96 
hrs with pre-hatched larvae. Fish larvae were not fed 
throughout the exposure period, and the main reason 
for not feeding the test organisms is that the yolk sac 
nourishes fish larvae for three days after hatching, and 
the oil globule further nourishes the same larvae for 
an additional two days. The initiation of toxicity was 
conducted 24 hrs after hatching. The weight of larvae 

Fig. 1. Exhibit salient anatomical features of sobaity sea bream larvae. Photographed by Sabeekah Al-Nuaimi©.

Fig. 2. Total polyaromatic hydrocarbons (TPH) concentration 
in water accommodated 773 fraction of Kuwait crude oil (KCO 
WAF) at different oil loadings to a fixed volume of water.
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ranged between 0.10 and 0.75 mg. A minimum of 10 to 
15 fish larvae was placed using a glass pasture pipette 
in 100 l-1 glass beakers.

Statistical Analysis 

All statistical analyses were conducted using 
Minitab® Statistical Software -Version 17© 2016 by 
Minitab Inc. General Linear Model (GLM) statistical 
approach was applied to the results in the study herein 
to test the effect of Kuwait crude oil (KCO WAF), KCO 
+ Corexist® 9500 dispersants (Corexist® 9500 CEWAF), 
KCO + Corexist® 9527 (Corexist® 9527 CEWAF), and 
KCO + Slickgone® dispersant (Slickgone® CEWAF) 
on LC50 for larval S. hasta. P values were calculated, 
and effects were considered significant if (p<0.05), 
and effects were considered not significant if (p>0.05). 
Mean, standard deviation (SD), and standard error (SE) 
were calculated for biological experiments. Standard 
deviation was calculated to show how much variation 
there is from the mean, and standard error was calculated 
to show the extent to which the sample mean differs (±) 
from the population mean. The LC50 value for each day 
of exposure was determined by Lethal Concentration 
Estimation Program Version 1.0, Copyright© 1990-
1995, Institute for Inland Water Management and Waste 
Water Treatment RIZA (Lelystad, The Netherlands) and 
programmed by Modelco (Eindhoven, The Netherlands) 
by order of RIZA.

Results and Discussion 

Toxicity of Dispersed and Undispersed Oil

There are numerous toxicity testing methods to 
investigate the adverse effects of oil and oil-related 
products on the marine ecosystem; particularly saltwater 
fish. In this study, we have adopted an exposure system 
of fish larvae to serial dilutions to low concentrations 
of a test chemical (KCO WAF/KCO CEWAF). It’s 
imperative when interpreting toxicity data related to 
dispersed and undispersed oil to take into consideration 
the intricate and complex relationship between multiple 
factors like the physical/chemical composition of 
test chemicals, application procedures, exposures 
regimes, and environmental hazards [11, 61]. As the 
concentration of dissolved petroleum hydrocarbons 
immediately following an oil spill event will particularly 
depend on several physical and environmental elements 
like seawater salinity, temperature, degradation by 
weathering and evaporation, and biological factors in 
the vicinity of the spillage area.

This study is amongst the few to investigate the 
toxic effects of dispersed and undispersed oil against S. 
hasta larvae. It is well established in marine pollution 
research that there are few standards test for fish to 
assess the toxicity of oil-related product like the use of 
inland silversides (Menidia beryllina) [62]. Even though 

some of the used fish species (saltwater/freshwater) 
like zebrafish and sheepshead minnow are considered 
tolerant to oil toxicity, but still they are being utilized 
due to the criteria for toxicity testing of oil product that 
they meet [63, 64].

Different types of dispersed and undispersed oil 
toxic effects on red sea bream (P. major) have been 
investigated by others [65]. Chemical dispersant’s 
manufacturer companies must submit a report 
highlighting the effectiveness of a chemical dispersant 
and its toxicity as a product to the United States 
Environment Protection Agency (U.S. EPA) to be listed 
in the National Contingency Plan (NCP) Product List 
[66]. Also, Corexit® chemical dispersant was listed 
to be used in the ROPME Sea Area, but its toxicity 
on native marine fish is not known. In this study, the 
selection of fish larval stages was justified on the basis 
that in oil spill scenarios, fish larvae will be vertically 
distributed in the water column and are likely to 
experience sporadic exposure to oil as water current 
carry them to contaminated areas [67]. Therefore, the 
selected chemical dispersant’s toxicity was assessed 
in this study against marine fish early-life stages.  
In the study herein, recommended methods to use  
WAF/CEWAF for toxicity testing were followed 
because it is the soluble fraction that enters an aquatic 
environment with the most exceptional ease and as 
a result, can cause direct acute damage to aquatic 
organisms [68-70]. 

Chemical Analysis of WAF Prepared 
at Variable Oil Loadings

TPH concentration in WAF was 2.22, 3.44, 4.77, 
7.21, and 5.78 mg. l-1 for 1, 10, 20, 40, and 80 g. l-1, 
respectively. The increase in TPH was linear up to  
40 g. l-1; however, the increase in TPH in WAF was not 
proportional to the oil loaded. Further, an increase in 
oil loading to 80 g. l-1 resulted in the reduced partition 
of TPH in WAF than previous concentrations. The 
data for 80 g. l-1 KCO is not plotted in Fig. 3. This 
result was substantiated by studies on the chemical 
characterization of WAF reported, as others also 
encountered this difficulty in the preparation of WAF 
and concluded that oil to dissolving medium ratios did 
not increase the TPH content [20, 71-73]. [11] Observed 
that using a static exposure oil WAF tests revealed 
that hydrocarbons concentrations for TPH, (benzene, 
toluene, ethylbenzene, and xylene) BTEX and PAH 
were not constant showing a decline within 48 hrs. 

Toxicity of WAF Prepared at Variable 
Oil Loadings

The toxicity of WAF prepared by varying oil 
loadings of KCO was determined in exposure chambers 
and fish larvae exposed for 96 hrs. Each WAF was 
prepared at 1, 10, 20, 40, 80 g. l-1 were tested separately, 
and the exposure was run for 96 hrs. The data reported 
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in Table 2 shows that exposure to WAF of 1 g. l-1 

seawater resulted in high LC50 values at 24 hrs, which 
decreased with the exposure time, and at 96 hrs, the 
averaged LC50 was 0.12 ± 0.01 g. l-1.  It was interesting 
to note that WAF prepared at higher oil loading though 
contained higher TPH values but their toxicity was 
less than 1 g. l-1 KCO concentration. The data in Table 
2 shows that increasing oil loading could not increase 
the toxicity of WAF and the LC50 values obtained at 
10, 20, 40, and 80 were 5.0±3.1 (C.I. 3.3-6.7); 6.0±3.1 9  
(C.I. 3.3-6.70; 11.1±2.0 (C.I. 7.1-17.4); 21.0±22.0 (C.I. 
12.3-27.1) g. l-1 respectively (Fig. 4).  

In the present study, S. hasta larvae exposed to the 
WAF prepared by various oil loadings and subsequent 
dilutions at nominal concentrations, which were not 
renewed every day (static exposure). It was observed 
that exposure concentrations decreased as time 
progressed from 0 to 96 hrs, which reflect the natural 
scenario in the marine environment as an oil spill 
undergo dilution and evaporation effects. When WAF 

prepared at different oil loadings (1-80 g. l-1 seawater) 
with subsequent serial dilutions of each loading 
separately, an interesting pattern emerged. The most 
toxic WAF’s on sobaity sea bream larvae was found 
to be the one prepared at the lowest oil loading, i.e.,  
1 g. l-1 seawater which was in agreement with what [46] 
observed that WAF solution was acutely lethal when 
prepared with only 0.01 to 0.1 g. l-1 seawater applied oil 
loading. Except in the case of  [74], the oil loading was 
even lower compared to the one used in this study. WAF 
prepared with increasing oil loadings (≥1 g. l-1 seawater) 
with serial dilutions was not found to exert increasing 
toxic effects indicating that saturation of water-soluble 
compounds was achieved at 1 g. l-1 seawater oil loadings 
and a further increase in oil content could not increase 
the partitioning of water-soluble compounds in the 
aqueous medium. [11, 75] have indicated that crude oils 
have a limited narrow range of acute toxicity marine 
biota even though those oils might have a wide range 
of hydrocarbons content. Toxicity in oils is primarily 
caused by the presence of PAHs as major constituents 
of oils [64, 76] and more precisely the presence of 
naphthalene as oil drop emulsion is increased in WAF 
of oil [77]. It’s imperative to mention too that when 
reviewing multiple oil toxicity studies in literature; 
a pattern of inconsistencies emerged indicating the 
difficulty and challenge in making comparisons 
between oil types and biological species investigated. 
[64] Suggested a universal analytical and exposure 
method in addition to side by side comparative studies 
between oils and test organisms. 

Chemical Analysis and Toxicity of CEWAF 
Prepared at Fixed Oil Loading

WAF prepared at 1.0 g. l-1 showed higher toxicity 
than at a higher concentration of oil on the surface of 
the water; therefore, chemical dispersants were applied 
at this oil loading. The application of dispersants  
caused an increase in TPH partitioned in CEWAF’s. 

Fig. 3. Toxicity of water accommodated fraction of Kuwait crude 
oil (KCO WAF) prepared at different oil loadings showing LC50 
values against S. hasta larvae after an exposure period of 96 hrs, 
expressed as g. l-1 and mg. l-1 for TPH. Error bars are standard 
deviations.

Table 2. Showing different toxicity levels for all Kuwait crude oil water-accommodated fractions (KCO WAF) (g. l-1) on S. hasta larval 
survival from 24 to 96 hrs, which was significant (p<0.05) and as determined by the lethal concentrations which affects 50% of exposed 
larvae (LC50) (g. l-1) .

Oil loadings 
(g. l-1)

LC50 (g. l-1)
 24 hrs±SDa/SEb

LC50 (g. l-1) 
48 hrs±SD/SE

LC50 (g. l-1 L)    72 
hrs±SD/SE

LC50 (g. l-1) 
96 hrs±SD/SE

96 hrs 95% 
C.I.c P* 

1 58.0±103.0/34.3 2.0±2.0/1.0 0.4±0.1/0.02 0.12±0.1/0.03 0.1-0.2 p<0.05

10 17.0±6.1/4.0 14.0±2.3/1.3 8.1±2.2/1.2 5.0±3.1/2.0 3.3-6.7 p<0.05

20 77.4±95.0/55.0 55.4±27.0/16.0 14.0±2.0/1.0 6.0±5.0/3.0 4.5-7.5 p<0.05

40 62.0±22.2/13.0 78.0±34.0/19.4 33.0±8.0/4.3 11.1±2.0/1.1 7.1-17.4 p<0.05

80 121.0±61.0/35.0 179.0±82.0/47.3 44.0±12.2/7.1 21.0±22.0/13.0 16.3-27.1 p<0.05

SDa = standard deviation
SEb = standard error
C.I.c = confidence interval
*The effect of oil on S. hasta larvae LC50 was significant (p<0.05) as determined by the General Linear Model (GLM)
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The TPH concentrations in CEWAF were 5.1, 17.7,  
33.2 mg. l-1 after Slickgone® NS, Corexit® 9527, and 
Corexit® 9500 treatment, respectively. Whereas, the 
KCO alone at 1.0 g. l-1 oil loading resulted in 2.0 mg. 
l-1 TPH in WAF, which was comparable to the previous 
analysis.  Therefore, in determining the toxicity of oil, 
it is vital to consider the oil-water ratio, which means 
in a spill scenario, the spread of oil over the water 
will be an essential consideration in determining the 
risk to water column organisms. During exposure to 
KCO WAF from 0 to 96 hrs, increased mortality in S. 
hasta larvae was observed compared to control, which 
are in line with [1]. Similar experimental observations 
were reported by (34) as they observed high mortality 
rates upon exposure of gilthead sea bream (Sparus 
aurata) larval stages to Iraq oil water-soluble fraction 
(WSF) which reflect similar pollutant (KCO WAF/
CEWAF) and polluted (sea bream) treatment conditions 
applied in this study. Black sea bream (A. schlegeli) 
and red sea bream (P. major) larvae exhibited similar 
results achieved in this study as their survival rate was 
significantly reduced upon exposure to WSF of KCO 
[36]. 

[1] have used approximately similar oil loadings 
(1.2 g. l-1) to the one used in this study and observed 
an array of toxicological defects in Atlantic haddock 
(Melanogrammus aeglefinus) embryo-larval stages like 
cardiotoxicity, spinal deformities, and pericardial edema. 
More so, comparing the LC50 of WAF prepared at 1 g. l-1 

seawater with WAF prepared at higher loading (20 g. l-1 

seawater). A possible explanation is that partitioning of 
KCO in the aqueous phase was not increased, possibly 
because of the fixed surface area of the underlying 
seawater in the WAF preparation bottles and the slow 
stirring speed used [8] have determined that crude 
oil had evident effects on the larvae of various carp 
species, including the common carp (Cyprinus Carpio), 
carassin carp (C. auratus), and the grass carp (C. idella). 
It has been determined that oil toxicity is related to the 
aromatic fraction of low molecular weight (LMW) and 
high molecular weight (HMW) of polycyclic aromatic 
hydrocarbons (PAHs) [78]. Others have contributed 

oil toxicity to yolk-sac larvae to their sensitivity to 
low total polyaromatic hydrocarbons (TPAH) [79, 
80].  [81] Have concluded that exposure of embryonic 
stages of Atlantic cod (Gadus morhua) fish to oil can 
lead to larval mortality and morphological deformities. 
Exposure during the embryonic period (pre-hatch) of 
haddock larvae (Melanogrammus aeglefinus) resulted in 
reduced eye size and increased incidence of abnormal 
eye morphology, also oil-exposed fish had reduced 
mean blood flow speed, flow rate, and flow pulsatility 
[82, 83]. Also, dispersion of oil droplets can contribute 
to the toxicity of the exposure medium as the droplets 
can behave like a reservoir for toxic components which 
can be harmful to fish health.

Like WAF alone, the toxicity of CEWAF also 
increased with exposure time (Table 3, Fig. 4). At  
96 hrs, the LC50 values revealed that Corexit 9527 
CEWAF exerted similar toxicity as observed with WAF 
alone, whereas Corexit®9500 CEWAF was slightly less 
toxic as its LC50 increased to 0.3±0.03 from 0.12±0.1 
observed with WAF alone. CEWAF prepared by 
Slickgone treatment was the least toxic among all the 
dispersant tested, showing LC50 0.43±0.12 (C.I. 0.34-
0.54).  

The toxic effects of CEWAF mixtures on larval S. 
hasta were variable. A qualitative comparison between 

Oil loadings (g. l-1) LC50 (g. l-1) 
24 hrs±SDa/SEb

LC50 (g. l-1) 
48 hrs±SD/SE

LC50 (g. l-1)
72 hrs±SD/SE

LC50 (g. l-1) 
96 hrs±SD/SE

96 hrs 
95% C.I.c p 

KCO WAF 58.0±103.0/34.3 2.0±2.0/1.0 0.4±0.1/0.02 0.12±0.1/0.03 0.1-0.2 p<0.05

Corexit® 9500 CEWAF 4.12±2.0/10.0 0.9±0.13/0.07 0.7±0.13/0.07  0.3±0.03/0.02 0.207-0.410 p<0.05

Corexit® 9527 CEWAF 0.4±0.01/0.007 0.2±0.05/0.03 0.2±0.01/0.004 0.12±0.01/0.006 0.107-0.136 p<0.05

Slickgone® NS CEWAF 1.0±0.0/0.0 1.0±0.1/0.05 0.63±0.05/0.03 0.43±0.12/0.07 0.341-0.538 p<0.05

SDa = standard deviation
SEb = standard error
C.I.c = confidence interval

Table 3. Showing different toxicity levels of Kuwait crude oil water-accommodated fraction (KCO WAF), and three chemically 
enhanced water accommodated fraction (CEWAF) of oil dispersants (Corexit® 9500 CEWAF, Corexit® 9527 CEWAF, and Slickgone® 
NS CEWAF) (g. l-1) on S. hasta larval survival from 24 to 96 hrs, which was significant (p<0.05) and as determined by the lethal 
concentrations which affects 50% of exposed larvae (LC50) (g. l-1) for WAF and CEWAF’s of (KCO).

Fig. 4. Mean LC50 (g. l-1) for S. hasta after exposure to the water-
accommodated fraction of Kuwait crude oil (KCO WAF) and 
chemically enhanced water-accommodated fraction (CEWAF) 
of three oil dispersantsas which are Corexit® 9500, Corexit® 
9527, and Slickgone® NS. Error bars are standard deviations.
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all LC50s for CEWAF test chemicals and WAF of KCO 
was performed. The overall toxicity pattern of the 
CEWAF solutions compared to that of KCO against sea 
bream pre-hatched larvae was: KCO WAF was similarly 
toxic to Corexit® 9527 CEWAF, followed by Corexit® 
9500 CEWAF, then Slickgone® NS CEWAF as the least 
toxic test chemical to fish larval stages. It was clear 
that in the case of Corexit® 9527 CEWAF, it exhibited 
similar toxicity to KCO, and the addition of dispersant 
did not enhance the dissolution of oil into the aqueous 
medium, although Corexit® 9527 CEWAF had a higher 
TPH concentration than KCO WAF did. Laboratory 
investigations have indicated that oil response agents 
(dispersants) increase parent oil toxicity through the 
process of increasing the solubility of PAHs in the 
water column [64, 76].

The change in the order of toxicity of CEWAF 
mixtures may be related to the different degradation rates 
and degradation products of the dispersant, indicating 
that toxicity data vary for different oil dispersants and 
different crude oil types [84]. [44] Demonstrated that the 
primary function of oil spill dispersant was to increase 
the entry of oil into the water column, thus modifying 
the exposure medium and increasing its toxicity. 
Dispersion of crude oil with oil dispersant (CEWAF) 
has in some cases increased its toxicity compared to 
the toxicity of KCO WAF, as dispersants solubilized 
more of the oil fraction in the water column, thus, the 
oil will become more bioavailable to fish larvae [85]. 
[86] Observed that exposure of chinook salmon smolts 
(Onchorhyncus tshawytscha) to Prudhoe Bay crude oil 
(PBCO) WAF and Corexit® 9500 CEWAF resulted in 
LC50 of 155.93 mg. l-1, for Corexit® 9500 CEWAF was 
some 20 times higher (i.e., less toxic) than that of the 
LC50 WAF of PBCO (7.46 mg. l-1). This result suggests 
that hydrocarbon bioavailability to smolts may have 
been reduced under dispersed conditions and may be 
attributed to several factors. [84] also, observed an 
increase in larval mortality of crimson-spotted rainbow 
fish (Melanotaenia fluviatilis) with time in a 96 hrs 
exposure period to crude oil WAF and CEWAF. [43] 
Observed that dispersed oil was more toxic to fish early 
life stages than native oil did.

[21] observed that larvae are not able to avoid waters 
contaminated with oil and dispersed oil as chemical 
receptors might have been damaged at the initial 
interaction with petroleum hydrocarbons. [87] indicated 
that Corexit® 9500 and 9527 dispersants are of low 
to moderate toxicities when tested on most aquatic 
species. Many factors may contribute to the test results 
variability, such as species and exposure duration. 
This finding is in agreement with what was obtained 
for larval  S. hasta in a way that KCO WAF of similar 
toxicity to Corexit® 9527 CEWAF and Corexit® 9500 
CEWAF was less toxic. [66] had observed that when 
Corexit® 9500A was mixed with South Louisiana 
sweet crude oil produced similar toxicity to other 
types of dispersants. Those findings are in agreement 
with data reported by [88] in which they observed that 

petroleum hydrocarbon products, which did not undergo 
complete dissolution in the aqueous phase, but when 
dispersed; adversely affected marine organisms because 
of the joint-effect of toxicity and physical fouling.  
[89] have indicated that both Corexit® 9500A and 
9527 chemical dispersant formulations did not exhibit 
a difference in terms of its toxicity against the marine 
organism. However, in a study performed by [90],  
they observed that dispersed oil exerted higher toxicity 
than undispersed oil in early-life stages of orange-
spotted grouper Epinephelus coioide. More arguably, 
the acute toxic effect concentration for Corexit 9500 
dispersant on biological species has a wide range, 
and [87] concluded that it can be <1 to >1000 mg-l. 
Moreover, [91] have indicated that it can range from 
23 to 50 mg-l against multiple marine species from 
the Gulf of Mexico. It’s important to highlight the 
global differences in toxicity data amongst multiple 
marine trophic levels concerning oil and oil spill 
response agents (dispersants) because of the variability 
of analytical methods and biological species tested  
[11].  

Acute toxicity data obtained from the current study 
will add further understanding to the global database 
for the toxicity of oil and oil spill-response agents, 
and by investigating the toxicity of dispersed and 
undispersed oil on S. hasta will unquestionably increase 
taxa diversity for marine ecosystems in regions of 
similar nature to the ones that Sobaity Sea bream thrive 
in. Still the decision of using or not using oil dispersants 
as an oil spill response (OSR) strategy is questionable 
and depends on the timing and location of the spill 
incident considering that there will always be trade-offs 
to this choice to assess the ecological benefits or harms 
associated with dispersant applications [92, 93]. 

Although the outcomes of this study exhibit 
similar toxicity of dispersed oil to that of parent 
oil, the applications of oil response agents remain a 
controversial issue that requires constant scientific 
review and assessment. Also, approving dispersant 
use should be individually evaluated as each oil spill 
event (scenario) represents a different system of mixed 
physical, chemical, and biological entities. There is 
a paucity of toxicity data regarding selected marine 
fish species in different regions of the world that can 
be susceptible to major oil spills; therefore additional 
ecotoxicological research is required on the acute 
toxicity of oil spill response agents on economically 
important fisheries resources to assist in proper 
management local resources.

 
Conclusions and Recommendations

In the present study, the toxicity of dispersed and 
undispersed crude oil was investigated against the 
larval stage of sobaity sea bream S. hasta using field 
relevant experimental durations and concentrations 
of test chemicals. Based on the results of fish toxicity 
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tests using different chemical treatments, the following 
conclusions have been drawn: 

1.	 In the experiments of this study, it was observed 
that 1 g. l-1 seawater loading was most suitable for WAF 
preparation because, upon dispersant treatment, the 
KCO CEWAF was turbid at higher concentrations of oil 
loadings making it challenging to use in toxicity assay, 
especially when attempting to count exposed larvae as 
they are not visible under the turbid solution.

2.	 It was observed that individual dispersants 
had a different capacity in dispersing crude oil as 
represented by TPH values along with that of crude oil 
alone. 

3.	 The toxicity of dispersed and undispersed 
oil on the larval stage of S. hasta was variable, 
demonstrating the different dispersion ability of oil 
dispersants to disperse oil in the aqueous medium. 

4.	 Future research is required to understand the 
effects of other types of oil dispersants on the early life 
stages as well as adult stages of commercially important 
marine fish species. 

5.	 Long-term effects of dispersed and undispersed 
oil should be thoroughly assessed concerning other 
commercially important fish species.
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